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ABSTRACT
We present the results of the monitoring campaign of the Type IIn supernova (SN) 2018cnf (a.k.a. ASASSN-18mr). It was discovered about ten
days before the maximum light (on MJD=58 293.4 ± 5.7 in the V band, with MV = −18.13 ± 0.15 mag). The multiband light curves show an
immediate post-peak decline with some minor luminosity fluctuations, followed by a flattening starting about 40 days after maximum. The early
spectra are relatively blue and show narrow Balmer lines with P Cygni profiles. Additionally, Fe II, O I, He I, and Ca II are detected. The spectra
show little evolution with time and with intermediate-width features becoming progressively more prominent, indicating stronger interaction of the
SN ejecta with the circumstellar medium. The inspection of archival images from the Panoramic Survey Telescope and Rapid Response System
(Pan-STARRS) survey has revealed a variable source at the SN position with a brightest detection in December 2015 at Mr = −14.66 ± 0.17
mag. This was likely an eruptive phase from the massive progenitor star that started from at least mid-2011, and that produced the circumstellar
environment within which the star exploded as a Type IIn SN. The overall properties of SN 2018cnf closely resemble those of transients such as
SN 2009ip. This similarity favours a massive hypergiant, perhaps a luminous blue variable, as progenitor for SN 2018cnf.
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1. Introduction
The very late evolutionary stages of massive stars can be in-
vestigated by analysing and modelling the supernova (SN) data
(i.e. the spectral evolution and the multi-band light curves), or
by studying the photometric behaviour of the progenitor star
in archival images. The latter method has become very popular
thanks to the public availability of extensive image databases and
has allowed the detection of the quiescent progenitors of a num-
ber of core-collapse supernovae (CC SNe, Smartt 2009, and ref-
erences therein), as well as the discovery of extreme photometric
variability experienced by very massive stars before exploding
as SNe (e.g. Pastorello et al. 2007, 2013; Mauerhan et al. 2013;
Fraser et al. 2013a; Ofek et al. 2013, 2014; Nyholm et al. 2017).
The CC SNe that experience major variability in the years
before the explosion show unequivocal signatures of interac-
tion with circumstellar material (CSM) gathered in the late
stages of stellar evolution through to the detection of lumi-
nous emission in the X-ray, ultra-violet, and radio domains.
These CC SNe also display a very high optical luminosity,
accompanied by a slow-evolving light curve, and prominent
narrow to intermediate-width (102-103 km s−1) spectral lines
in emission (e.g. Aretxaga et al. 1999; Fransson et al. 2002;
Stritzinger et al. 2012; Kiewe et al. 2012; Chandra et al. 2012;
Fox et al. 2013; De la Rosa et al. 2016; Taddia et al. 2013;
Smith et al. 2017). The lines are produced in the photo-ionised
CSM. When the CSM is H-rich, the spectrum is that of a
type IIn SN (Schlegel 1990; Filippenko 1997), while when the
CSM is H-poor and He-rich, the spectrum is that of a Type
Ibn SN (Matheson et al. 2000; Pastorello et al. 2008a, 2016;
Hosseinzadeh et al. 2017). However, SNe showing somewhat
transitional narrow-lined spectra (named Type Ibn/IIn) have
also been discovered (Pastorello et al. 2008b; Smith et al. 2012;
Pastorello et al. 2015).
Although several progenitor scenarios can be proposed to
explain the variability of Type IIn SN observables (see e.g.
Dwarkadas 2011; Leloudas et al. 2013; Moriya et al. 2013), a
connection between Type IIn SNe and massive luminous blue
variables (LBVs) has been suggested by Kotak & Vink (2006)
and Gal-Yam & Leonard (2009), and a number of observations
seem to support this claim (Smith 2017, and references therein).
In particular, multiple outbursts resembling the long-lasting 19th
century Giant Eruption of η Car have been discovered in a num-
ber of cases before the explosion of a Type IIn SN, supporting
the existence of a tight link between LBVs and SNe IIn.
A recent case is that of SN 2018cnf, which was discov-
ered at a magnitude g ≈ 17.7 by the All-Sky Automated Sur-
vey for Supernovae (ASAS-SN; Brimacombe et al. 2018) on
2018 June 14.34 UT. This object is also known by the survey
name ASASSN-18mr1. The SN is located at α = 23h39m31s.21
and δ = −03◦08′55′′.18 (J2000.0), in the outskirts of its host
galaxy LEDA 196096. Prentice et al. (2018) classify the tran-
sient as a Type IIn SN, and noticed that it was spatially coinci-
1 The source was also detected by the Asteroid Terrestrial-impact Last
Alert System (ATLAS), labelled as ATLAS18vyq.
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Table 1. Basic information on spectra collected for SN 2018cnf. The phases are from the V-band light curve maximum (see Sect. 5).
Date MJD Phase (days) Instrumental configuration Res (Å) Range (Å)
2018-06-17 58 286.2 −7.2 GTC+OSIRIS+R1000B+R1000R 7,8 3 630-10 350
2018-06-17 58 286.2 −7.2 LT+SPRAT 18 4 000-8 100
2018-06-18 58 287.6 −5.8 FTN+FLOYDS 15 3 500-10 000
2018-06-19 58 288.2 −5.2 GTC+OSIRIS+R2500R 3.2 5 580-7 680
2018-06-19 58 288.4 −5.0 VLT(UT2)+UVES 0.15∗ 3 750-9 460
2018-06-20 58 289.2 −4.2 GTC+OSIRIS+R1000B+R1000R 7,8 3 630-10 350
2018-06-21 58 290.1 −3.3 Copernico+AFOSC+gm4 14 4 100-8 200
2018-06-24 58 293.2 −0.2 GTC+OSIRIS+R1000B+R1000R 7,8 3 630-10 350
2018-06-27 58 296.6 +3.2 FTN+FLOYDS 15 3 500-10 000
2018-06-30 58 299.6 +6.2 FTN+FLOYDS 15 3 500-10 000
2018-07-08 58 307.2 +13.8 GTC+OSIRIS+R1000B+R1000R 7,8 3 630-10 350
2018-07-08 58 307.6 +14.2 FTN+FLOYDS 15 3 500-10 000
2018-07-11 58 310.5 +17.1 FTN+FLOYDS 15 3 500-10 000
2018-07-18 58 317.1 +23.7 Copernico+AFOSC+VPH7 15 3 500-7 280
2018-07-22 58 321.2 +27.8 GTC+OSIRIS+R1000B+R1000R 7,8 3 630-10 350
2018-07-23 58 322.8 +29.4 FTS+FLOYDS 23 3 500-10 000
2018-07-24 58 323.8 +30.4 FTS+FLOYDS 23 3 500-10 000
2018-08-04 58 334.2 +40.8 GTC+OSIRIS+R2500R 3.2 5 580-7 680
2018-08-07 58 337.1 +43.7 Copernico+AFOSC+VPH7 14 3 400-7 280
2018-08-09 58 339.6 +46.2 FTN+FLOYDS 15 3 500-10 000
2018-08-10 58 340.1 +46.7 GTC+OSIRIS+R1000B 7 3 630-7 860
2018-08-18 58 348.2 +54.8 GTC+OSIRIS+R1000B+R1000R 7,8 3 630-10 350
2018-08-21 58 350.0 +56.6 GTC+OSIRIS+R1000B 7 3 630-7 860
2018-08-25 58 355.2 +61.8 GTC+OSIRIS+R1000B+R1000R 7,8 3 630-10 350
2018-09-01 58 362.5 +69.1 FTN+FLOYDS 15 3 500-10 000
2018-09-09 58 370.2 +76.8 NTT+EFOSC2+gm11 14 3 340-7 450
2018-09-12 58 373.1 +79.7 Magellan+FIRE 7 830-25 200
2018-10-10 58 401.2 +107.8 NTT+EFOSC2+gm11 14 3 340-7 450
Notes. GTC = 10.4 m Gran Telescopio Canarias (La Palma, Canary Islands, Spain); LT = 2.0 m Liverpool Telesope (La Palma, Canary Islands,
Spain); FTN = 2.0 m Faulkes Telescope North (Haleakala, Hawaii Islands, USA); VLT = 8.2 m Very Large Telescope (ESO-Cerro Paranal, Chile);
Copernico = 1.82 m Copernico Telescope (Mt. Ekar, Asiago Observatory, Italy); FTS = 2.0m Faulkes Telescope South (Siding Spring, Australia);
NTT = 3.58 m New Technology Telescope (ESO-La Silla, Chile); Baade = 6.5 m Magellan Baade Telescope (Las Campanas Observatory, Chile).
∗ Measured at 6300 Å.
dent with PS15dkt, a source with w = 20.72 mag detected by the
Pan-STARRS Survey for Transients (PSST, Huber et al. 2015;
Chambers et al. 2016) on 2015 December 9. It is important to
note that pre-SN outbursts are occasionally detected before the
explosion of Type IIn SNe (e.g. Ofek et al. 2014), but the num-
ber of well-monitored objects with pre-SN outbursts is still lim-
ited. This motivated us to trigger an extensive monitoring cam-
paign. Spectroscopic and photometric follow-up was initiated
soon after the classification announcement (Prentice et al. 2018),
making use of the facilities available to wide international col-
laborations, including the extended-Public ESO Spectroscopic
Survey for Transient Objects (ePESSTO, Smartt et al. 2015)
and the NOT Unbiased Transient Survey (NUTS, Mattila et al.
2016). We also made use of some public data from ATLAS
(Tonry 2011; Tonry et al. 2018) and the ASAS-SN survey
(Shappee et al. 2014). The observational campaign continued for
about four months until the object became too faint to be com-
fortably detected with mid-size telescopes.
2. Host galaxy and reddening
The host galaxy is an early spiral and the spectrum of its core
from Heath et al. (2009) shows H lines in emission, along with
prominent [N II] λλ6548, 6583 lines, and a weak [S II] λλ 6717,
6731 doublet, while [O III] λλ4959, 5007 lines are not detected.
Classical absorption features like Ca II H&K, Mg I λ5175, Na
ID, and the G-band are also detected.
The redshift of LEDA 196096 is z = 0.02376 ± 0.000152.
By adopting a recessional velocity corrected for Virgo Infall of
7 127 ± 48 km s−1 (Mould et al. 2000) and a standard cosmol-
ogy with H0 = 73 km s−1 Mpc−1, we infer a luminosity distance
of 99.5 ± 7.0 Mpc, hence a distance modulus µ = 34.99 ± 0.15
mag. The Milky Way contribution to the total line-of-sight ex-
tinction towards LEDA 196096 is E(B − V) = 0.038 mag, from
Schlafly & Finkbeiner (2011) and by adopting the Cardelli et al.
(1989) extinction law. Additional host galaxy reddening is in-
ferred from an early, high resolution spectrum of SN 2018cnf.
Accounting for this contribution, we adopt a total reddening
E(B − V) = 0.12 ± 0.03 mag in this paper (see Sect. 4).
3. Spectral evolution
Following the classification of SN 2018cnf as a Type IIn event,
several spectra were collected spanning a period from one week
before maximum to about three months past maximum. We
2 Obtained from the NASA-IPAC Extragalactic Database (NED),
https://ned.ipac.caltech.edu.
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Fig. 1. Spectral evolution of SN 2018cnf, spanning approximately 115 day period, from one week before peak to over 100 days after maximum.
The phases are from the V-band maximum. Only spectra with good signal to noise are shown.
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made use of multiple instruments, including the 10.4 m Gran
Telescopio Canarias (GTC) equipped with OSIRIS, the 2.0 Liv-
erpool Telescope with SPRAT, the 2.56 m Nordic Optical Tele-
scope (NOT) with ALFOSC, the 1.82 m Asiago Copernico Tele-
scope with AFOSC, the 2.0 m Faulkes North and South Tele-
scopes with the FLOYDS spectrographs of the Las Cumbres Ob-
servatory as part of the Global Supernova Project, the 3.58 m
New Technology Telescope (NTT) with EFOSC2, and the 6.5 m
Magellan Telescope with FIRE. The spectra were reduced fol-
lowing standard prescriptions in IRAF, including bias, flat-field,
and overscan correction. Then we performed optimal extraction
of the 1D spectra. Wavelength calibration was done using arc
lamp spectra and then was checked using night skylines. Flux
calibration was performed with instrumental sensitivity func-
tions obtained from spectro-photometric standards obtained the
same night as the SN observation. The spectra of the standards
were also used to remove telluric absorption bands. Finally, the
accuracy of the flux calibration was controlled with coeval pho-
tometry (Sect. 5), and a constant factor was applied to the flux in
case of a discrepancy. The FIRE NIR spectrum was reduced and
telluric-corrected with the procedures described by Hsiao et al.
(2019). All spectra were finally corrected for a total reddening
E(B−V) = 0.12mag, and for a redshift z = 0.023458, as obtained
from the position of the narrow Na I λλ5890, 5896 (Na ID)
lines of the host galaxy in the high-resolution UVES spectrum
of SN 2018cnf (see Sect. 4). We note that this redshift value is
slightly smaller than that reported by the NED. This can be due
to the peripheral location of SN 2018cnf and hence to the host
galaxy rotation curve.
The comprehensive information on the dataset is presented
in Table 1, and the spectral sequence is shown in Fig. 1. The
phases are from the V-band maximum light (MJD = 58 293.4 ±
5.7, see Sect. 5).
The evolution of the following individual lines is shown in
detail in Fig. 2: Hα, Hβ, and the He I plus Na I D feature (right,
centre, and left panels, respectively). The evolution of the Fe II
lines (triplet 42) is also shown in the central panel of Fig. 2.
Early low-resolution spectra, from one week before to about
one week after the maximum light, show a relatively blue con-
tinuum (with a black-body temperature of 8 300 ± 600 K), and
superposed strong Balmer and Fe II lines with P Cygni profiles
with the minimum blue-shifted by about 400 km s−1. The H lines
have two main components: a narrow P Cygni profile with a min-
imum blue-shifted by ∼420 km s−1, and an intermediate-width
Lorentzian component with a full width at half maximum ve-
locity (vFWHM) of about 1 700 km s−1. A similar line profile is
also visible in the feature centred at rest wavelength ∼5890 Å.
This feature is very likely Na I λλ5890, 5896 (Na ID). While the
low resolution spectra show a narrow P Cygni component super-
posed on the broad base with a minimum blue-shifted by about
370-400 km s−1, the higher resolution of the GTC spectrum at
−5.2 d reveals that this narrow P Cygni has a double-component
absorption with one component centred at ∼5883Å (rest frame),
and another one centred at ∼5888 Å. These features will be dis-
cussed in detail in Sect. 4. Here, we only remark that none of the
two absorptions is compatible with He I. A number of P Cygni
metal lines, clearly detected in the early spectra, originate from
very strong Fe II multiplets (Fig. 3, top panel). Furthermore,
Ca II is also identified with the H&K doublet in absorption and
the near-infrared (NIR) triplet lines, mostly as narrow emission
features. The O I features at 7772-7775 Å and 8446 Å show a
strong, narrow component in absorption with a minimum blue-
shifted by about 400 km s−1. The presence of O I λ8446 may be
the consequence of Lyβ pumping due to the Bowen fluorescence
mechanism (Grandi 1980; Fransson et al. 2015), as observed
in the Type IIn SN 1995G, for instance (Pastorello et al. 2002).
However, the simultaneous presence of O I λλ7772,7775 favours
collisional excitation and recombination. Alternatively, the pres-
ence of these lines can be due to an abundance effect. How-
ever, while enhanced abundance of CNO in the stellar envelope
would require optically thin conditions and accurate verification
through synthetic spectral models and/or precise intensity line
ratio measurements (in particular using the high-ionisation CNO
UV lines; e.g. Fransson et al. 2005), we note that in the early
spectra of SN 2018cnf, the line intensity ratio Hβ / O I λ8446
≈ 40±10. This is much larger than that observed for SN 1995N,
another Type IIn event that showed strong evidence of CNO-
burning products (Fransson et al. 2002), which is in line with
expectations for nearly solar metallicity.
In the following spectra, two to three weeks after maximum,
the continuum becomes slightly redder and deviates from a
blackbody shape. It rather resembles the blue pseudo-continuum
produced by blends of Fe II lines, as observed in a number of
ejecta-CSM interacting SNe (Smith et al. 2009). These spectra
show broader features becoming stronger with time. In particu-
lar, the broad 5 890Å feature now has a Gaussian profile, with
vFWHM ≈ 5 350 km s−1 at phase ∼15 d, and increases to 5 850
km s−1 at about one month after luminosity peak. We also see
a broad He I λ7065 line, vFWHM = 5 620 km s−1, that does not
show a narrow P Cygni component superposed to it. For this rea-
son, the broad 5890 Å feature at this phase is likely a blend of
Na IDwith He I λ5876. The Balmer lines are still dominated by a
narrow to intermediate-width emission3 centred at the rest wave-
length of the transition; a narrow absorption component is still
detectable. However, a much broader component with the peak
slightly shifted towards redder wavelengths becomes stronger
with time.
The GTC spectrum obtained at phase +40.8 d from maxi-
mum still shows a broad component for the 5890 Å feature with
vFWHM = 5 380 km s−1. Superposed to it, we still see a narrow P
Cygni feature with the strong minimum centred at ∼5883 Å and
the much weaker redder absorption shoulder centred at ∼5888 Å.
The moderate resolution of this spectrum reveals a more com-
plex profile for the Hα line. In fact, we resolve a narrow P Cygni
component (vmin = 450 km s−1 and vFWHM = 350 km s−1), an
intermediate-width emission with vFWHM = 1 850 km s−1, and
a broad component centred at 6572 Å with vFWHM = 7 800 km
s−1. The latter component is very likely a direct signature of fast-
expanding SN ejecta.
In our spectra obtained from about two months past-
maximum, Hα shows a narrow Gaussian emission (vFWHM ≈
700−800 km s−1, with a residual P Cygni absorption) superposed
on a broader (vFWHM ≈ 5 900 km s−1) Gaussian component. The
flux contribution of the intermediate-width component is about
one order of magnitude larger than that of the narrow compo-
nent. While a narrow P Cygni profile is still clearly visible in the
5890 Å feature; this is possibly a blend of He I λ5876, but is pri-
marily due to Na ID. Furthermore, a much broader base is well
fitted by a single Gaussian profile with vFWHM ≈ 6 600 km s−1
, which decreases to about 5 400 km s−1 one month later. The
velocity of the broad component is consistent with that inferred
from the He I λ7065 line. We also note that a broad emission
component is now revealed below the narrow Ca II NIR triplet,
3 We remark that, in most spectra, a precise discrimination between
the two components is limited by the modest spectral resolution.
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FeII (m42)
Fig. 2. Evolution of profiles of Hα (left), Hβ plus Fe II multiplet 42 region (centre), and Na I doublet plus He I λ5876 (right) in best-quality spectra
of SN 2018cnf. The red dashed lines mark the zero velocity, corresponding to the rest wavelength of the transition.
and that both narrow and broad [Ca II] λλ7291, 7324 are now
identified in these spectra.
In the latest available spectra, phases +76.8 and +107.8 d,
Hα can be fitted with two Gaussian components in emission as
the absorption component has almost disappeared. The narrow
emission is still quite strong at vFWHM ≈ 700−800 km s−1, while
the broad component has FWHM that decreases from vFWHM ∼
4 800 to ∼ 4 500 km s−1 in the two epochs.
Line identification has been performed in our optical and
NIR spectra obtained at around 80 days after the peak (see Fig.
3, bottom). At that phase, along with the optical lines described
above, we identified a few H lines of the Paschen series in the
NIR spectrum, as well as the following two prominent He I fea-
tures: λ10830 (blended with H Pγ), and λ20581 (with vFWHM ≈
5 450 km s−1), consistent with being due to fast-expanding, He-
rich SN ejecta. The relatively broad wings of the Paschen lines
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Fig. 3. Top: Line identification in pre-maximum spectrum of SN 2018cnf. A forest of Fe II lines determines the excess of flux at wavelengths
shorter than 5400 Å. Bottom: line identification in the optical plus near-infrared spectra of SN 2018cnf obtained about 80 days after maximum.
For comparison, also optical plus near-IR spectra of SN 2009ip and SNHunt151 obtained at a similar phase are shown.
seem to be best reproduced with a lower-velocity (≈3 500 km
s−1) Lorentzian profile, which is in agreement with what is ob-
served in the optical spectra. Past-maximum (approximately+80
d) optical and NIR spectra of two comparison objects, SN 2009ip
(Fraser et al. 2013b) and SNHunt151 (Elias-Rosa et al. 2018),
are also shown; both objects show major pre-SN photometric
variability signatures (see Sect. 5). Their spectra at that phase
are quite different from those of SN 2018cnf, both in terms of
spectral continuum and line profiles. This suggests line-of-view
effects in an asymmetric gas distribution or some heterogeneity
in the CSM geometry and density profile for this SN type. Thus,
there are different mass-loss histories and, most likely, progeni-
tor parameters.
4. High-resolution spectroscopy
We obtained a high resolution spectrum at the Very Large Tele-
scope (VLT-UT2) with UVES, at phase = −5.0 d. The narrow
absorption components of the Na ID doublet visible in the UVES
spectrum were used to precisely estimate the redshift at the SN
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Fig. 4. High resolution UVES spectrum at −5 d. Top left: blue region (3700-4670 Å) dominated by Fe II lines. The insets show blow-ups of the
Ca II H&K region (centred at λ3933.66) and the Fe II (multiplets 37 and 38; centred on the λ4534.17 line). Top right: region between 5840 Å and
6270 Å with Na ID and Fe II lines (multiplets 46 and 74). The inset shows the narrow Na ID interstellar doublet centred on the λ5889.95 line; the
upper red line is the Milky Way component; the lower black line one is the host galaxy ones). Bottom left: Hα region, including also some Fe II
lines. The blow-up shows a detail of the narrow Hα P Cygni. Bottom right: 8420-8690 Å region with insets showing a detail of O I λ8446.46 (left)
and Ca II λ8662.14.
location. Individual spectral regions are shown in Fig. 4. The
blue wavelengths (top left panel) are dominated by a forest of P
Cygni lines of Fe II (from multiplets 26, 27, 28, 37, 38). The ve-
locity, as measured from the minimum of several Fe II features,
is vFe = 210 ± 5 km s−1. It is interesting to note that the Balmer
lines and Ca II H&K are also prominent, the latter with an aver-
age velocity vCa = 270 ± 6 km s−1. However, the red part of Hβ
is not covered by the blue arm. Additionally, Sr II (multiplets 1
and 3) lines are tentatively identified with velocity vS r = 185 ±
8 km s−1.
As mentioned in Sect. 3, Na ID has a rather complex pro-
file. The resolution of the UVES spectrum (top right panel in
Fig. 4) is sufficient to allow us to resolve the different line com-
ponents. In particular, the two broad absorptions visible in the
inset are the two deblended Na I lines intrinsic to the transient
and the velocity, which is inferred from the wavelength of the
minimun, is vNa = 207 ± 7 km s−1, consistent with that obtained
for the Fe II lines. We also note that the blue wing of the absorp-
tion dip extends up to about 500 km s−1. The inset also shows
the narrow Na ID components due to interstellar medium inside
LEDA 196096 (black line), as well as that visible in the spectrum
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Table 2. Near-infrared JHK (Vega mag) photometry of SN 2018cnf.
Date MJD J H K Instrument
2018-06-20 58 290.33 16.917 (0.156) 16.802 (0.298) −− SMARTS
2018-06-28 58 297.17 16.838 (0.050) 16.673 (0.102) 16.077 (0.049) NOT
2018-07-06 58 306.35 16.890 (0.175) 16.749 (0.299) −− SMARTS
2018-07-14 58 313.10 17.402 (0.044) 17.233 (0.108) 16.732 (0.063) NOT
2018-07-31 58 330.12 18.185 (0.130) 17.834 (0.100) 17.248 (0.088) NOT
2018-08-12 58 342.20 18.502 (0.074) 18.270 (0.157) 17.748 (0.082) NTT
2018-08-19 58 349.21 18.670 (0.126) 18.427 (0.105) 17.876 (0.187) NTT
2018-09-03 58 364.27 18.684 (0.153) 18.475 (0.104) 17.913 (0.180) NTT
2018-09-09 58 370.05 18.707 (0.140) 18.562 (0.154) 17.928 (0.173) NTT
2018-09-17 58 378.28 18.844 (0.151) 18.679 (0.171) 18.126 (0.268) NTT
2018-10-16 58 407.07 19.694 (0.127) 19.561 (0.217) 18.601 (0.143) NOT
Notes. SMARTS = 1.3 m SMARTS Telescope + ANDICAM (Cerro Tololo Inter-American Observatory, Chile); NOT = 2.56 m Nordic Optical
Telescope + NOTCam (La Palma, Canary Islands, Spain); NTT = 3.58 m New Technology Telescope + SOFI (ESO-La Silla, Chile).
Fig. 5. Optical and NIR light curves of SN 2018cnf.
at z = 0 due to the Milky Way (MW; red line). The equivalent
width (EW) of the Na I λ5889.95 and λ5895.92 host components
are 0.37 and 0.34 Å, respectively. In the same way, we measured
the EW of the two Galactic components and obtained 0.24 and
0.18 Å, respectively. The latter are on average over a factor 1.7
smaller than those of the host galaxy. As the Galactic redden-
ing is E(B − V)MW = 0.038 mag (Schlafly & Finkbeiner 2011),
we obtained a host galaxy contribution of E(B − V)hg = 0.065
mag. Another approach for estimating the host galaxy reddening
is through the empirical relations between the EW of individual
Na I host galaxy lines and E(B−V) from Poznanski et al. (2012,
see their equations (1), (2) and (3)). These provide a slightly
higher mean reddening, E(B − V)hg = 0.098 mag. The average
of the two methods mentioned above gives Ehg(B − V) = 0.082
mag, hence the total line-of-sight extinction towards SN 2018cnf
is Etot(B − V) = 0.12 ± 0.03 mag.
The bottom left panel of Fig. 4 shows the two-component
profile of Hα with the narrow P Cygni features sitting on a broad
Lorentzian base with vFWHM = 1570 ± 80 km s−1. The narrow
Hα absorption has two dips, one centred at −220 km s−1, and the
second at −330 km s−1 with a blue wing extending to ∼500 km
s−1. A similar double absorption was first seen in the Type IIn
SN 2005gj (Trundle et al. 2008).
The bottom right panel shows the 8400-8700 Å region, in-
cluding O I λ8446.46 and the NIR Ca II triplet. For both of these
species, just as for Hα and the Na ID, we find a minimum blue-
shifted by 200-220 km s−1, and a more structured broader ab-
sorption with wings extending to about 500 km s−1. The inspec-
tion of the UVES spectrum suggests a pre-SN outflow of gas
in expansion towards the observer with a core velocity of 330
km s−1 , with a high velocity tail at 500 km s−1, plus a circum-
stellar shell expanding at lower velocity (200-220 km s−1). The
SN ejecta likely interact with the faster (330 to 500 km s−1) inner
CSM, producing the broader Lorentzian component in emission.
5. Photometric evolution
As the SN was classified about one week before maximum light,
we missed the very early SN evolution. The multi-filter pho-
tometric campaign was triggered soon after the SN classifica-
tion. To improve the early-time coverage, we used the informa-
tion available from the ASAS-SN and ATLAS surveys. Account-
ing that the earliest detection of the SN from ASAS-SN, which
is dated 2018 June 14 (MJD = 58 283.34), the closest but not
stringent ASAS-SN pre-SN limit (g > 17.8 mag) is dated 2018
June 5 (MJD = 58 274.08), and a relatively deep detection limit
(ATLAS-orange > 19.67 mag) was obtained on 2018 May 28
(MJD = 58 266.61). We tentatively assume that SN 2018cnf ex-
ploded on MJD = 58 275.0 ± 8.4 (i.e. the middle epoch between
the deep non-detection on May 28, and the earliest SN detec-
tion).
The SN photometric measurements were carried out using
the SNOoPY pipeline4, that allowed us to perform the simulta-
neous PSF-fitting photometry on the SN and a number of stellar
sources of the field. The data in the SDSS bands were then cal-
ibrated using the Sloan catalogue, while B and V photometric
4 SNOoPY is a package for SN photometry using PSF fitting and/or
template subtraction developed by E. Cappellaro. A package description
can be found at http://sngroup.oapd.inaf.it/snoopy.html.
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Fig. 6. PS1 images of location of SN 2018cnf in Pan-STARRS r and w filters. The top left panel shows a stacked image (limiting magnitude
r > 22.1 mag) obtained by combining several r-band images obtained in 2009-2010 when no sources were visible at the position of SN 2018cnf.
Other panels show single-epoch images obtained in October 2012 (top centre), November 2015 (top right), December 2015 (at the time of the
brightest outburst; bottom left), August 2017 (bottom centre), and August 2018 (when the SN had already exploded; bottom right). We note the
remarkable variability of the progenitor star started at least about six years before the explosion of SN 2018cnf.
data were calibrated using a catalogue of SDSS reference stars
and then converted to Johnson-Bessell using the transformation
relations of Chronis & Gaskell (2008). Furthermore, NIR pho-
tometry was calibrated with reference to the 2MASS catalogue.
The calibrated photometry of SN 2018cnf in the Johnson-
Bessell B and V bands (Vega system), the Sloan u, g, r, i, z, and
Pan-STARRS y (AB system) bands is reported in the Appendix
(Table A.1), while the NIR (JHK) data are in Table 2. The final
optical and NIR light curves are shown in Fig. 5.
The object was monitored for only a few days before max-
imum, which was reached on MJD = 58 293.4±5.7 in the V
band. After maximum, the light curves start their declines. The
early decline (from two to four weeks after maximum) is rela-
tively fast, although non-monotonic behaviour is observed with
a shoulder detected at 20-30 days past maximum in all bands,
but not in the Sloan-u band. Fluctuations in the post-peak light
curve were observed in SN 2009ip (Martin et al. 2015). They
are consistent with the erratic variability displayed during the
pre-SN phase, indicating a rather complex CSM density profile.
In this specific case, this is possibly due to the collision of SN
ejecta with higher-density CSM (see Sect. 6) expelled in a short-
duration, previous mass-loss event. From about +40 d, the SN
declines more slowly, with an average decline time of over 2 mag
(100d)−1 in the bluest bands, while the red optical bands have a
slower decline rate of about 1.6 mag (100d)−1. The r-band light
curve, in particular, has a sort of two-phases late-time decline:
from 40 to 70 days the decline rate is 1.1 ± 0.1 mag (100d)−1,
and increases to 2.1 ± 0.1 mag (100d)−1 from 70 to 120 days
after the V-band maximum. The particular behaviour of the r-
band light curve is probably due to dominant contribution of the
Hα emission whose flux declines quite slowly until day 70. It is
interesting to note that the Hα flux weakens faster at very late
phases (Sect. 3).
We have also collected a number of observations in the NIR
bands, and the general light curve trend is similar to those ob-
served in the optical bands with an initially fast post-peak de-
cline, which is then followed by a slower photometric decline
at phases later than about 40 days. Unfortunately, NIR observa-
tions are not available from about 20 to 40 d, hence we cannot
detect post-peak light-curve fluctuations as observed in the opti-
cal bands.
In agreement with what is observed in other SNe IIn, the
colour evolution of SN 2018cnf is very slow. This agrees with
its modest spectral energy distribution (SED; see Sect. 7) evolu-
tion. In particular, the V − K colour shows a slow, almost linear
increase from about 0.9 mag soon after the V band maximum to
about 1.5 mag three months later. This, and a lack of evidence for
a blue-shift of the spectral emission lines argue against any dust
formation in the early months of the SN evolution. The B − V
colour evolution is interesting since it rises from 0.2 to 0.5 mag
during the first ∼ 3 − 4 weeks after maximum, but then it be-
comes slightly bluer (B − V ≈ 0.15 mag) at about 40 days after
peak. We note that this blueward trend is observed at roughly
the same epoch as the post-peak light curve shoulder. All of this
is consistent with an enhanced ejecta-CSM interaction event, as
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Fig. 7. Top: Historical light curve of SN 2018cnf in u, g, r, i, z, y bands. Filled symbols represent real source detections, open symbols are detection
limits. Most of the limits reported here, especially those after 2014, were computed from images obtained with relatively poor seeing conditions
and/or non-ideal sky transparency. Occasionally, the number of co-added images also affected the limiting magnitude in the resulting stacked
frame. The error-bars on the photometric points account for uncertainties on the PSF-fit measurements (estimated via artificial star experiments),
and those on the nightly zero points and colour terms. Bottom: Comparison of the r-band light curve of SN 2018cnf with those of similar
type IIn SNe: SN 2013gc (Reguitti et al. 2019), SN 2009ip (Pastorello et al. 2013; Prieto et al. 2013; Fraser et al. 2013b, 2015; Margutti et al.
2014; Graham et al. 2014, 2017), SN 2016bdu (Pastorello et al. 2018), SN 2015bh (Elias-Rosa et al. 2016; Thöne et al. 2017), and SNhunt151
(Elias-Rosa et al. 2018). For SN 2018cnf, only real detections are shown.
suggested above. After the local minimum, the B−V colour rises
again, reaching 0.5 mag at 108 d.
6. Pre-explosion variability
We have conducted an in-depth analysis of pre-SN PS1 images
following the brightening detection of a stellar source at the posi-
tion of SN 2018cnf in December 2015 (Prentice et al. 2018, and
Fig. 6, bottom left panel). We inspected a number of PS1 images
taken with different filters between August 2009 and Septem-
ber 2017. Along with more classical griz images, the SN field
was also observed in the Pan-STARRS y and the broad w bands.
Images obtained from 2009 to mid-2011 showed no source at
the position of SN 2018cnf. This was also confirmed by com-
bining the best seeing images of that period to construct a deep
2009 to mid-2011 stack frame, which revealed no source at the
SN location down to a limiting magnitude r ∼ 22.1 mag. We
thus used the Sloan Digital Sky Survey images obtained on 2009
September 16 as templates to remove the host galaxy contam-
ination from the u, g, r, i, z PS1 images at later epochs (from
July 2011 to September 2017). Also, pre-SN photometry was
obtained with SNOoPY, using the PSF-fitting technique on the
template-subtracted PS1 images, and the magnitudes were cali-
brated using reference stars of the Sloan catalogue. Since good
quality templates were not available for PS1 y− and w-band
images, we performed PSF-fitting photometry on those images
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without subtracting the host galaxy contamination. Furthermore,
Pan-STARRS w magnitudes were converted to Sloan-r apply-
ing a zero-point shift calculated using reference stars from the
Sloan catalogue. This did not account for any colour correction
and y-bandmagnitudes were obtained applying zero point values
computed using reference stars of the Pan-STARRS catalogue.
The earliest marginal detections of a SN precursor were in
July and September 2011, although the first robust evidence of
a source at the SN position was in October 2012 (see, Fig. 6),
at r ∼ 20.8 − 20.9 mag, and r − i ≈ 0.3 mag. We detected the
source again in June to July 2013 at z ≈ 20.7 mag, and in Oc-
tober 2013 at i ≈ 21.5 mag. A new brightening was detected in
September 2014, reaching i = 20.44 mag, then the luminosity of
the source settled to r ∼ 22 mag and i ∼ 21 mag for one year.
From late November to late December 2015 (hence over 900 d
before the SN light curve maximum) the object experienced a
major brightening, reaching apparent magnitudes r = 20.64 and
i = 20.23 mag. The former corresponds to a peak absolute mag-
nitude Mr = −14.66 ± 0.17 mag. This value is rather similar to
those observed in other SN impostors (e.g. Van Dyk et al. 2000;
Pastorello et al. 2010; Smith et al. 2010, 2011; Tartaglia et al.
2015, 2016a, and Fig. 6, bottom left panel).
Later, from October 2016 to January 2017 (from about 500
to 600d before the V-band peak) the source became fainter with
i > 21 mag. Our latest pre-SN detections showed the progeni-
tor star being even fainter at i = 21.8 mag in July 2017 (phase
approximately one year before maximum), and r possibly vary-
ing from ≈ 22.3 to 22 mag from August to September 2017
(about 9 months before the SN light curve maximum). Then, the
field became unobservable because of the seasonal gap. It was
re-observed only on 2018 May 28 with an initial non-detection
down to r > 19.7 mag, and finally the first SN detection was on
2018 June 14.
A remarkable feature in the SN light curve is the shoulder
observed during the post-peak decline (see Sect. 5). Fluctuations
in the post-maximum light curve decline were also detected in
SN 2009ip, and were proposed to be correlated with pre-SN
stellar activity (e.g. Graham et al. 2014; Martin et al. 2015). Al-
though in SN 2018cnf signs of ejecta-CSM interaction are ob-
served from very early phases, a clear flattening is visible be-
tween 2018 July 12 and July 22 (hence approximately on MJD
= 58 311 and 58 321, respectively), with a middle point on MJD
58 316 (∼ 41 d after the adopted explosion epoch). This feature
is possibly produced by shock-interaction of the SN ejecta with
a shell expelled during a pre-SN stellar outburst. By adopting
ve j = 7 800 km s−1 (the maximum velocity measured for the
broad spectral lines) for the SN ejecta, they reached the inner-
most CSM layers at a distance of 2.8 × 1010 km. In assum-
ing CSM velocities in the range between 200 and 450 km s−1
(see Sect. 4), this material was likely ejected from two to about
4.5 years before the collision, which is in agreement with the
timescale of the observed pre-SN eruptive phase.
Our analysis on pre-SN images provided numerous detec-
tions of a faint, variable source at the SN position starting from
at least six years before the SN explosion. The precursor of
SN 2018cnf showed an erratic variability spanning about 2 mag
(Fig. 6, top panel). This long-lasting pre-SN variability is simi-
lar to those observed before the explosion of other peculiar Type
IIn SNe (Reguitti et al. 2019, and references therein), which are
usually interpreted as giant eruptions of massive LBVs (e.g.
Smith et al. 2010).
Fig. 8. Top: Evolution of observed SED of SN 2018cnf at some rep-
resentative epochs. Bottom: Comparison of the quasi-bolometric light
curve of SN 2018cnf with those of a sample of SN 2009ip-like tran-
sients, obtained accounting for the contribution in the optical and NIR
bands. In two cases, SN 2009ip and SN 2015bh, we also considered the
available UV contribution, which is relatively strong. This explains the
more luminous peaks of these two objects. The phases are with respect
to the maximum of the quasi-bolometric light curves. For SN 2018cnf,
the peak of the quasi-bolometric light curve is on MJD = 58 294.2 ±
0.9.
7. Discussion and conclusions
The long-term, pre-SN monitoring of the SN 2018cnf host
galaxy reveals that the progenitor star experienced a long-lasting
eruptive phase before the SN explosion. This lasted at least a
few years, with the source ranging from Mr ≈ −12.8 to −14.7
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mag. During the pre-SN monitoring, a few short-duration out-
bursts were detected with the most luminous being observed
in late 2015, during which the stellar brightness increased by
∼1.2 mag in about one month. This behaviour resembles firstly
the strong erratic variability we currently see for the impostor
SN 2000ch in NGC 3432 (Wagner et al. 2004; Pastorello et al.
2010), and secondly one of the major brightenings observed
during the pre-SN evolution of SN 2009ip (Pastorello et al.
2013) or SN 2015bh (Ofek et al. 2016; Elias-Rosa et al. 2016;
Thöne et al. 2017). In both cases, the progenitors are thought to
be LBVs (e.g. Smith et al. 2010; Foley et al. 2011), although
the former experienced a much more dramatic evolution. In
fact, SN 2009ip is the prototype of a family of transients show-
ing a long-duration variability5 resembling the giant eruption
of an LBV. However, this eruptive phase was followed by an
SN-like event a short time later. This lasted a few months and
showed a composite light curve formed by a first fainter peak at
MR ≥ −15 mag (’Event A’, that was only marginally brighter
than the peak magnitude of the former outbursts, but lasted ap-
proximately two months), and a second much brighter maximum
at MR ∼ −18.5 mag (’Event B’; see figure 5 in Pastorello et al.
2018). The above double-peaked event is frequently interpreted
as the terminal stellar core-collapse signature (Mauerhan et al.
2013; Smith et al. 2014, and references therein).
The recent evolution of SN 2018cnf closely resembles that
of several SNe IIn that belong to the SN 2009ip group, al-
though the spectral energy distribution (SED) of SN 2018cnf
has a very slow evolution (Fig. 8, top panel). Unfortunately,
the light curve of SN 2018cnf has not been sampled dur-
ing the early rise phase to maximum, hence we possibly
missed the Event A observed in other SN 2009ip-like ob-
jects. Another difference with most SN 2009ip-like tran-
sients is that the spectrum of SN 2018cnf always shows
strong signatures of ejecta-CSM interaction and never under-
goes a transition towards a more classical broad-lined Type
II spectrum , as observed in SN 2009ip (Pastorello et al.
2013; Prieto et al. 2013; Fraser et al. 2013b; Graham et al. 2014;
Margutti et al. 2014; Fraser et al. 2015; Graham et al. 2017) and
similar events, such as LSQ13zm (Tartaglia et al. 2016b), SN
2015bh (Ofek et al. 2016; Elias-Rosa et al. 2016; Thöne et al.
2017), Gaia16cfr (Kilpatrick et al. 2018), and SN 2016bdu
(Pastorello et al. 2018). The slow spectral evolution is closely
reminiscent of those of iPTF13z (Nyholm et al. 2017) and
SNHunt151 (Elias-Rosa et al. 2018). The comparison of the
quasi-bolometric light curves of SN 2018cnf with the above
Type IIn SN sample is shown in Fig. 8 (bottom panel).
As only very massive stars are known to produce sim-
ilar long-lasting eruptive phases, a connection with massive
LBVs has been proposed for all of the objects mentioned
above. While their progenitors were never directly detected
in quiescence, repeated outbursts during which the star ex-
ceeded −14 mag were observed for most of them. The phys-
ical mechanisms that may produce long-duration giant erup-
tions, during which LBVs lose a large fraction of their enve-
lope mass (up to tens of solar masses), have not been clari-
fied yet (e.g. Humphreys & Davidson 1994). Plausible scenar-
ios for these long-duration giant eruptions are major interac-
tions between the massive members of a binary system (e.g.
Smith & Frew 2011; Smith 2011), pulsational pair-instability
(Chatzopoulos & Wheeler 2012; Woosley 2017), or a hybrid
scheme of the two (see Marchant et al. 2018). While the first
5 SN 2015bh showed significant variability lasting over two decades
(Thöne et al. 2017).
mechanism does not necessarily lead to an immediate termi-
nal SN explosion, it may explain the three-decade-long erup-
tive phase of SN 2000ch (Pastorello et al. 2010). The second
mechanism is promising as it may reproduce the sequence of
events leading to SN 2009ip and its subsequent evolution (e.g.
Graham et al. 2017, and references therein). Alternatively, mass
loss, driven by waves generated in the convective core during
the late nuclear burnings, has also been proposed for moderate-
mass (MZAMS ∼20 M⊙) stars and for very massive stars at low-
metallicity regime. This would explain the violent mass ejections
observed in some SNe IIn from a decade to a few months prior
to core-collapse (Quataert & Shiode 2012; Shiode & Quataert
2014).
The modern strategy of SN searches and the availability of
big data archives have increased the discoveries of pre-SN out-
bursts, but the number of events is still of the order of a few
tens, and is limited in volume. Future SN searches with big
telescopes, in particular the Large Synoptic Survey Telescope
(LSST Science Collaborations 2009), will enormously increase
the discovery rates, and will provide us with valuable datasets of
light curves with coverage of many years.
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Table A.1. Optical photometry of SN 2018cnf: Johnson-Bessell B,V (Vega mag), Sloan u, g, r, i, z and PanSTARRS y (AB mag).
Date MJD B V u g r i z y Instrument
2009-08-31 55 074.49 – – – – – >21.14 – – PS1
2009-09-12 55 086.52 – – – – >20.26 – – – PS1
2009-09-18 55 092.50 – – – – >21.11 – – – PS1
2009-09-28 55 102.45 – – – – >21.49 – – – PS1
2009-09-29 55 103.38 – – – – >21.91 – – – PS1
2010-06-27 55 374.61 – – – – – – – >20.08 PS1
2010-07-20 55 397.61 – – – – – – >20.69 – PS1
2010-08-31 55 439.51 – – – – >21.65 – – – PS1
2010-09-28 55 467.39 – – – – >21.73 – – – PS1
2010-10-07 55 476.33 – – – >21.98 – – – – PS1
2010-12-06 55 536.22 – – – – – – >19.99 – PS1
2010-12-31 55 561.26 – – – – – – – >19.78 PS1
2011-07-01 55 743.62 – – – – – – 20.620 (0.344) – PS1
2011-07-12 55 754.60 – – – – – – – >19.85 PS1
2011-08-23 55 796.52 – – – >21.88 >21.60 – – – PS1
2011-08-28 55 801.52 – – – >21.59 >21.38 – – – PS1
2011-09-03 55 808.55 – – – – – 21.715 (0.208) – – PS1
2011-11-13 55 878.34 – – – – – – – >19.95 PS1
2012-10-05 56 205.44 – – – – 20.848 (0.099) 20.575 (0.074) – – PS1
2012-10-22 56 222.32 – – – – 20.929 (0.246) 20.702 (0.211) – – PS1
2012-11-10 56 241.21 – – – – – – 19.967 (0.598) – PS1
2012-11-25 56 256.29 – – – – – – – >19.59 PS1
2013-06-24 56 467.58 – – – – – – 20.735 (0.155) – PS1
2013-07-17 56 490.61 – – – – – – 20.726 (0.420) – PS1
2013-10-10 56 575.38 – – – 22.016 (0.235) – – – – PS1
2013-10-20 56 585.24 – – – – – 21.478 (0.233) – – PS1
2013-10-21 56 586.35 – – – – – 21.490 (0.496) – – PS1
2014-06-05 56 813.50 – – – – – – – >18.10 PS1
2014-06-07 56 815.61 – – – – – – – 20.593 (0.362) PS1
2014-09-12 56 912.50 – – – – – 20.443 (0.067) – – PS1
2014-12-07 56 998.50 – – – – – – – >19.70 PS1
2014-12-08 56 999.50 – – – – – – – >19.81 PS1
2014-12-18 57 009.24 – – – – 21.745 (0.095) – – – PS1‡
2015-07-23 57 226.53 – – – – 22.048 (0.139) – – – PS1‡
2015-07-30 57 233.50 – – – – – 20.952 (0.148) – – PS1
2015-08-09 57 243.62 – – – – – – >20.39 – PS1
2015-08-10 57 244.60 – – – – – – >19.92 – PS1
2015-09-09 57 274.44 – – – – 21.984 (0.084) – – – PS1‡
2015-09-12 57 277.42 – – – – 21.861 (0.067) – – – PS1‡
2015-10-20 57 315.32 – – – – – >20.01 – – PS1
2015-10-21 57 316.33 – – – – – 20.980 (0.162) – – PS1
2015-10-28 57 323.29 – – – – – 20.967 (0.131) – – PS1
2015-11-02 57 328.30 – – – – 21.828 (0.094) – – – PS1‡
2015-11-28 57 354.24 – – – – – 20.228 (0.117) – – PS1
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Table A.1. continued.
Date MJD B V u g r i z y Instrument
2015-12-09 57 365.24 – – – – 20.644 (0.022) – – – PS1‡
2015-12-10 57 366.23 – – – – 20.639 (0.080) – – – PS1‡
2016-07-29 57 598.57 – – – – >20.40 – – – PS1‡
2016-07-29 57 598.63 – – – – – – >19.03 – PS1
2016-08-03 57 603.63 – – – – – – – >19.98 PS1
2016-08-05 57 605.62 – – – – – – >19.90 >19.67 PS1
2016-10-17 57 678.37 – – – – – 21.375 (0.341) – – PS1
2016-11-13 57 705.35 – – – – – 21.564 (0.144) – – PS1
2017-01-08 57 761.22 – – – – – >20.38 >20.30 – PS1
2017-01-09 57 762.21 – – – – – – 20.577 (0.487) – PS1
2017-01-10 57 763.21 – – – – – – 20.455 (0.248) – PS1
2017-01-10 57 763.22 – – – – – >21.02 – – PS1
2017-01-11 57 764.21 – – – – – – >20.40 – PS1
2017-01-11 57 764.22 – – – – – 21.121 (0.267) – – PS1
2017-01-12 57 765.22 – – – – – >20.65 >20.42 – PS1
2017-01-14 57 767.22 – – – – – >20.94 – – PS1
2017-01-14 57 767.22 – – – – – – 20.579 (0.272) – PS1
2017-01-15 57 768.22 – – – – – – >19.40 – PS1
2017-01-23 57 776.22 – – – – – – 20.610 (0.368) – PS1
2017-01-26 57 779.23 – – – >20.28 – – >19.27 – PS1
2017-02-04 57 788.22 – – – – >19.62 – >19.80 – PS1
2017-02-05 57 789.22 – – – – – >20.27 >20.31 – PS1
2017-07-08 57 942.60 – – – – – 21.818 (0.249) – – PS1
2017-08-01 57 966.56 – – – – 22.363 (0.127) – – – PS1‡
2017-08-03 57 968.55 – – – – 22.359 (0.123) – – – PS1‡
2017-08-17 57 982.50 – – – – 22.259 (0.174) – – – PS1‡
2017-09-14 58 010.44 – – – – 22.061 (0.100) – – – PS1‡
2017-09-22 58 018.40 – – – – 22.034 (0.174) – – – PS1
2018-05-28 58 266.61 – – – – >19.67 – – – ATLAS
2018-06-05 58 274.08 – – – >17.80 – – – – ASAS-SN-5⋆
2018-06-14 58 283.34 – – – 17.700 – – – – ASAS-SN-3⋆
2018-06-14 58 283.78 – – – – 17.616 (0.314) – – – SBIG
2018-06-15 58 284.81 17.878 (0.093) 17.578 (0.068) – 17.710 (0.061) 17.326 (0.097) 17.631 (0.140) – – fl11
2018-06-17 58 286.18 – – – – 17.227 (0.030) – – – GTC
2018-06-17 58 286.19 17.773 (0.077) 17.493 (0.099) – 17.561 (0.098) 17.256 (0.066) 17.489 (0.084) – – fl16
2018-06-17 58 286.20 17.762 (0.019) 17.486 (0.017) 18.505 (0.061) 17.546 (0.019) 17.262 (0.024) 17.476 (0.025) 17.402 (0.037) – LT
2018-06-18 58 287.20 17.739 (0.024) 17.396 (0.016) 18.467 (0.042) 17.477 (0.014) 17.244 (0.025) 17.427 (0.024) 17.366 (0.028) – LT
2018-06-19 58 288.15 17.688 (0.029) 17.353 (0.020) 18.411 (0.069) 17.439 (0.014) 17.218 (0.023) 17.383 (0.024) 17.324 (0.055) – LT
2018-06-19 58 288.21 – – – – 17.204 (0.029) – – – GTC
2018-06-20 58 289.20 – – – – 17.166 (0.022) – – – GTC
2018-06-20 58 289.20 17.621 (0.019) 17.287 (0.026) 18.287 (0.041) 17.335 (0.015) 17.144 (0.033) 17.343 (0.028) 17.310 (0.051) – LT
2018-06-20 58 289.43 17.573 (0.045) 17.250 (0.042) – 17.333 (0.055) 17.138 (0.075) 17.340 (0.069) – – fl03
2018-06-20 58 289.43 17.577 (0.039) 17.247 (0.052) 18.294 (0.040) 17.327 (0.040) 17.110 (0.058) 17.338 (0.046) – – fl15^
2018-06-21 58 290.32 17.564 (0.042) 17.233 (0.050) 18.293 (0.061) 17.298 (0.036) 17.097 (0.035) 17.300 (0.047) – – fl15^
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Table A.1. continued.
Date MJD B V u g r i z y Instrument
2018-06-22 58 291.43 17.565 (0.040) 17.206 (0.030) 18.328 (0.052) 17.366 (0.064) 17.143 (0.050) 17.249 (0.044) – – fl15^
2018-06-23 58 292.09 17.585 (0.027) 17.218 (0.045) – – – – – – fl06
2018-06-23 58 292.12 – – 18.342 (0.063) 17.338 (0.040) 17.108 (0.029) 17.290 (0.074) – – fl06^
2018-06-23 58 292.14 17.585 (0.039) 17.238 (0.040) – – – – – – fl06
2018-06-23 58 292.40 17.588 (0.055) 17.236 (0.028) – 17.348 (0.045) 17.149 (0.090) 17.296 (0.113) – – fl15
2018-06-24 58 293.19 – – – – 17.190 (0.053) – – – GTC
2018-06-24 58 293.21 17.625 (0.022) 17.236 (0.026) 18.347 (0.053) 17.375 (0.017) 17.180 (0.014) 17.309 (0.025) 17.318 (0.036) – LT
2018-06-24 58 293.79 17.604 (0.041) 17.242 (0.052) 18.331 (0.047) 17.379 (0.032) 17.155 (0.052) 17.264 (0.054) – – fl11^
2018-06-25 58 294.17 17.580 (0.046) 17.286 (0.053) 18.331 (0.095) 17.383 (0.029) 17.153 (0.047) 17.259 (0.103) – – fl06^
2018-06-26 58 295.73 17.579 (0.149) 17.267 (0.112) – 17.385 (0.115) 17.167 (0.098) 17.263 (0.107) – – fl12
2018-06-26 58 295.79 17.583 (0.037) – 18.350 (0.044) – – 17.263 (0.049) – – fl11^
2018-06-27 58 296.05 17.629 (0.039) 17.251 (0.082) 18.348 (0.067) 17.355 (0.046) 17.137 (0.031) 17.277 (0.045) – – fl06^
2018-06-27 58 296.17 17.604 (0.034) 17.251 (0.023) 18.379 (0.075) 17.331 (0.020) 17.118 (0.021) 17.256 (0.020) 17.214 (0.059) – LT
2018-06-27 58 296.32 17.613 (0.041) 17.244 (0.042) 18.337 (0.060) 17.366 (0.067) 17.096 (0.025) 17.298 (0.049) – – fl15^
2018-06-27 58 296.62 – – – – 17.119 (0.250) – – – ATLAS
2018-06-28 58 297.69 17.670 (0.032) 17.214 (0.025) 18.376 (0.063) 17.398 (0.022) 17.041 (0.043) 17.288 (0.046) – – fl11^
2018-06-29 58 298.14 17.699 (0.040) 17.268 (0.019) 18.367 (0.093) 17.409 (0.302) 17.061 (0.025) 17.248 (0.073) 17.240 (0.042) – LT
2018-06-29 58 298.56 – – – – 17.104 (0.157) – – – ATLAS
2018-06-30 58 299.40 17.684 (0.062) 17.282 (0.078) 18.419 (0.134) 17.411 (0.062) 17.073 (0.077) 17.246 (0.063) – – fl03^
2018-07-02 58 301.17 17.699 (0.037) 17.296 (0.035) 18.400 (0.072) 17.369 (0.023) 17.135 (0.021) 17.325 (0.033) 17.233 (0.058) – LT
2018-07-02 58 301.36 17.711 (0.054) 17.306 (0.052) 18.423 (0.099) 17.361 (0.070) 17.112 (0.038) 17.311 (0.071) – – fl15^
2018-07-06 58 305.18 17.896 (0.038) 17.472 (0.033) 18.593 (0.105) 17.649 (0.024) 17.339 (0.023) 17.471 (0.057) 17.462 (0.071) – LT
2018-07-07 58 306.17 18.003 (0.031) 17.524 (0.044) 18.644 (0.061) 17.730 (0.039) 17.385 (0.049) 17.557 (0.055) – – fl16^
2018-07-07 58 306.21 18.017 (0.035) 17.518 (0.024) 18.650 (0.058) 17.739 (0.017) 17.386 (0.020) 17.564 (0.017) 17.502 (0.041) – LT
2018-07-08 58 307.11 18.117 (0.027) 17.582 (0.026) 18.867 (0.066) 17.805 (0.016) 17.490 (0.019) 17.667 (0.034) 17.591 (0.037) – LT
2018-07-08 58 307.16 – – – – 17.497 (0.017) – – – GTC
2018-07-10 58 309.17 18.214 (0.039) 17.797 (0.030) 19.092 (0.085) 17.987 (0.018) 17.604 (0.028) 17.865 (0.030) 17.727 (0.036) – LT
2018-07-11 58 310.34 18.279 (0.048) 17.818 (0.057) 19.232 (0.095) 18.055 (0.059) 17.657 (0.041) 17.972 (0.098) – – fl15
2018-07-12 58 311.10 18.363 (0.127) >17.14 >18.81 18.184 (0.039) 17.786 (0.033) 18.012 (0.081) 17.970 (0.190) – LT
2018-07-15 58 314.19 18.551 (0.033) 18.096 (0.028) 19.565 (0.097) 18.344 (0.035) 17.901 (0.033) 18.028 (0.043) 18.044 (0.035) – LT
2018-07-15 58 314.34 18.557 (0.081) 18.099 (0.076) 19.575 (0.105) 18.348 (0.081) 17.905 (0.060) 18.049 (0.056) – – fl15
2018-07-17 58 316.11 18.583 (0.056) 18.096 (0.047) 19.721 (0.114) 18.318 (0.066) 17.907 (0.064) – 18.046 (0.104) – LT
2018-07-19 58 318.13 18.614 (0.062) 18.110 (0.049) 19.805 (0.148) 18.330 (0.049) 17.938 (0.035) 18.173 (0.043) 18.092 (0.055) – LT
2018-07-19 58 318.35 >18.54 >17.95 >19.60 >18.14 >17.65 >17.84 – – fl03
2018-07-22 58 321.18 – – – – 17.969 (0.054) – – – GTC
2018-07-23 58 322.17 18.807 (0.084) 18.158 (0.073) 20.057 (0.139) 18.456 (0.062) 18.038 (0.111) 18.258 (0.105) – – fl06
2018-07-24 58 323.05 18.866 (0.105) 18.233 (0.054) >19.95 18.527 (0.069) 18.059 (0.044) 18.264 (0.078) 18.198 (0.095) – LT
2018-07-25 58 324.05 18.999 (0.096) 18.383 (0.082) 20.202 (0.224) 18.667 (0.109) 18.202 (0.087) 18.368 (0.134) – – fl16
2018-07-26 58 325.75 19.109 (0.084) 18.532 (0.121) 20.260 (0.186) 18.807 (0.110) 18.345 (0.128) 18.397 (0.083) – – fl12
2018-07-29 58 328.03 >18.36 >18.37 >19.85 18.996 (0.265) 18.437 (0.184) 18.534 (0.429) 18.335 (0.424) – LT
2018-07-29 58 328.31 19.228 (0.148) 18.788 (0.165) 20.302 (0.273) 19.005 (0.068) 18.454 (0.095) 18.536 (0.274) – – fl15
2018-08-04 58 334.15 – – – – 18.804 (0.010) – – – GTC
2018-08-07 58 337.03 19.476 (0.164) 19.205 (0.134) – 19.246 (0.102) 18.808 (0.103) 19.007 (0.268) 18.776 (0.228) – Copernico
2018-08-08 58 338.52 – – – – 18.816 (0.030) – – – PS1‡
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Table A.1. continued.
Date MJD B V u g r i z y Instrument
2018-08-10 58 340.05 – – – – 18.883 (0.029) – – – GTC
2018-08-11 58 341.02 19.630 (0.138) 19.339 (0.180) – 19.359 (0.165) 18.909 (0.195) 19.104 (0.105) 18.989 (0.390) – Copernico
2018-08-11 58 341.23 19.653 (0.043) 19.346 (0.105) 20.331 (0.072) 19.394 (0.086) 18.919 (0.111) 19.120 (0.123) 19.001 (0.117) – NTT
2018-08-13 58 343.39 19.683 (0.084) 19.368 (0.102) – 19.405 (0.023) 18.930 (0.022) 19.248 (0.049) – – fl03
2018-08-17 58 347.47 – – – – 18.986 (0.027) – – – PS1‡
2018-08-18 58 348.22 – – – – 19.025 (0.026) – – – GTC
2018-08-19 58 349.29 19.786 (0.052) 19.457 (0.062) 20.547 (0.043) 19.480 (0.013) 19.051 (0.038) 19.407 (0.036) 19.210 (0.045) – NTT
2018-08-19 58 349.38 19.794 (0.089) 19.451 (0.103) – 19.506 (0.030) 19.031 (0.028) 19.381 (0.059) – – fl03
2018-08-19 58 349.99 – – – – 19.037 (0.036) – – – GTC
2018-08-22 58 352.97 19.868 (0.109) 19.535 (0.104) – 19.545 (0.071) 19.033 (0.050) 19.433 (0.121) – – fl16
2018-08-25 58 355.18 – – – – 19.036 (0.054) – – – GTC
2018-08-30 58 360.99 19.958 (0.154) 19.609 (0.182) – 19.789 (0.109) 19.085 (0.073) 19.510 (0.102) – – fl06
2018-09-02 58 363.20 20.015 (0.036) 19.626 (0.066) 20.782 (0.092) 19.774 (0.051) 19.095 (0.092) 19.546 (0.082) 19.304 (0.162) – NTT
2018-09-09 58 370.15 20.181 (0.090) 19.756 (0.158) – 19.972 (0.030) 19.296 (0.034) 19.699 (0.081) – – fl15
2018-09-09 58 370.23 20.190 (0.061) 19.759 (0.072) 20.931 (0.142) 19.993 (0.062) 19.301 (0.026) 19.693 (0.025) 19.435 (0.058) – NTT
2018-09-17 58 378.19 20.350 (0.110) 19.855 (0.154) 21.137 (0.098) 20.072 (0.192) 19.350 (0.042) 19.779 (0.025) 19.643 (0.097) – NTT
2018-09-17 58 378.61 20.360 (0.142) 19.890 (0.167) – 20.089 (0.025) 19.399 (0.028) 19.804 (0.050) – – fl11
2018-09-29 58 390.83 >20.50 >19.82 – 20.286 (0.192) 19.645 (0.069) 19.977 (0.159) – – fl16
2018-10-08 58 399.48 20.838 (0.241) 20.216 (0.172) – 20.539 (0.050) 19.853 (0.069) 20.168 (0.073) – – fl12
2018-10-10 58 401.18 – 20.288 (0.120) – – – – – – NTT
2018-10-16 58 407.04 20.026 (0.360) > 20.00 – 20.687 (0.251) 20.039 (0.141) 20.309 (0.210) – – fl15
2018-10-17 58 408.08 – – 21.999 (0.179) 20.704 (0.049) 20.062 (0.036) – – – NOT
2018-10-17 58 408.96 – – – – – – 20.115 (0.102) – NOT
2018-12-28 58 480.74 > 20.39 > 20.44 > 20.92 > 20.27 > 19.99 > 19.94 > 19.37 – Copernico
Notes. PS1 = 1.8 m Pan-STARRS Telescope + GPC1 camera (Haleakala, Hawaii Islands, USA); ATLAS = 0.5 m ATLAS-1 Telescope + STA-1600 CCD (Haleakala, Hawaii Islands, USA); ASAS-
SN-5 = 0.16 m Payne-Gaposchkin Telescope + FLI ProLine PL230 CCD (Las Cumbres Observatory - South African Astronomical Observatory); ASAS-SN-3 = 0.16 m Paczyn´ski Telescope +FLI
ProLine PL230 CCD ( Las Cumbres Observatory - Cerro Tololo Inter-American Observatory, Chile); GTC = 10.4 m Gran Telescopio Canarias + OSIRIS (La Palma, Canary Islands, Spain); LT =
2.0 m Liverpool Telescope + IO:O (La Palma, Canary Islands, Spain); fl11 = 1.0 m Telescope (Dome 3) + Sinistro CCD (Las Cumbres Observatory - Siding Spring Observatory, Australia); fl16 =
1.0 m Telescope (Dome 5) + Sinistro CCD (Las Cumbres Observatory - South African Astronomical Observatory); fl03 = 1.0 m Telescope (Dome 4) + Sinistro CCD (Las Cumbres Observatory
- Cerro Tololo Inter-American Observatory, Chile); fl15 = 1.0 m Telescope (Dome 2) + Sinistro CCD (Las Cumbres Observatory - Cerro Tololo Inter-American Observatory, Chile); fl06 = 1.0 m
Telescope (Dome 7) + Sinistro CCD (Las Cumbres Observatory - South African Astronomical Observatory); fl12 = 1.0 m Telescope (Dome 8) + Sinistro CCD (Las Cumbres Observatory - Siding
Spring Observatory, Australia); Copernico = 1.82 m Copernico Telescope + AFOSC (Mt. Ekar, Asiago Observatory, Italy); NTT = 3.58 m New Technology Telescope + EFOSC2 (ESO-La Silla,
Chile); NOT = 2.56 m Nordic Optical telescope + ALFOSC (La Palma, Canary Islands, Spain).
‡ PanSTARRS w band converted to Sloan r, from TNS;  ATLAS orange band, converted to Sloan r, from TNS; ⋆ ASAS-SN Sloan g, from TNS; ^ Johnson-Bessell U bands, converted to Sloan u.
Las Cumbres Observatory data were taken as part of the Global Supernova Project.A
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